ABSTRACT: Twelve Dorper × Pelibuey wether lambs (26.8 ± 1.6 kg initial BW, 5 mo of age) were used to evaluate effects of zilpaterol hydrochloride (ZH) on feedlot performance, and effects of ZH and ZH supplementation period (15 and 30 d) on nutrient intake and digestibility. Lambs were blocked by initial BW, and assigned randomly within BW blocks to 1 of 2 treatments: i) control (no ZH), and ii) supplemented with ZH (10 mg ZH/wether lamb daily). Measurements of intake and digestibility were performed on d 9 to 15 and 24 to 30. Feedlot performance data were analyzed as a randomized complete block design, and nutrient intake and digestibility data were analyzed as a randomized complete block design with a 2 × 2 factorial arrangement of treatments. Final BW, ADG, total BW gain, and G:F were greater (P ≤ 0.04) for ZH than for control lambs. No treatment × feeding duration interaction for nutrient intake and apparent total tract digestibility were observed (P > 0.05). Intake of DM, OM, CP, and GE were less (P ≤ 0.03) for ZH than for control. Lambs fed for 30 d had greater (P ≤ 0.04) NDF and GE intake compared with those fed for 15 d. Total tract digestibility of DM, OM, CP, EE, and ADF (P ≤ 0.03) was less for ZH than control. Furthermore, calculated DE, ME, and TDN intake decreased (P < 0.01) with ZH supplementation. Also, DM, CP, and ether extract(EE) digestibility were greater (P < 0.01) for 30 d than for 15 d. Additionally, greater (P ≤ 0.01) DE, ME, and TDN intake was observed for 30 d compared with 15 d. In conclusion, ZH supplementation of wether lambs consuming feedlot diets resulted in improved feedlot performance and reduced the intake and digestibility of some nutrients.
INTRODUCTION
Supplementation of zilpaterol hydrochloride (ZH) to cattle diets during late days of the fi nishing period is a feeding strategy widely used by cattle feeders of Mexico and the United States. Zilpaterol hydrochloride is a β-adrenergic agonist (β-AA) similar in structure to natural catecholamines which binds to β 2 -adrenergic receptors located in the cellular membranes of most mammals to produce its effects (Dikeman, 2007) . Previous studies have shown that ZH improved ADG, G:F, carcass weight, dressing percentage, and LM of sheep supplemented the last 30 to 32 d before slaughter (Macías-Cruz et al., 2010; Mondragón et al., 2010; Avendaño-Reyes et al., 2011; López-Carlos et al., 2011) . These positive effects have been attributed to changes in synthesis and degradation rates of protein and lipids (Beermann, 2002) .
Binding of β-AA receptors found along the gastrointestinal tract affects motility and secretory functions of the tract (McIntyre and Thompson, 1992) . Microbial activity has been stimulated in the rumen in the presence of ractopamine (Walker and Drouillard, 2010) .Thus, in ruminants, β-AA may directly infl uence the microbial population affecting ruminal digestion and digestibility. Therefore, the improved performance observed with β-AA supplementation might be due not only to redistribution of absorbed nutrients, but also to improvements in digestibility. However, very little information is reported in the literature regarding characteristics of digestion of ZH-containing diets.
In lambs, López-Carlos et al. (2010) reported that ZH or ractopamine did not affect digestibility when supplemented for 30 d. This failure to improve digestibility may have been due to desensitization of β-AA receptors over time or differences in receptor sensitivity with longer feeding periods (Beermann, 2002) . Therefore, the objectives of this study were to evaluate the effect of ZH on performance, nutrient intake, and digestibility of hair-breed wether lambs consuming feedlot diets supplemented with ZH during 15 and 30 d. Twenty (4 mo of age) Dorper × Pelibuey wether lambs were received at the Sheep Unit 30 d before initiation of the experiment. Upon arrival, lambs were weighed, identifi ed with an ear tag, treated for internal and external parasites (Invermectin; Sanfer Laboratory, Mexico City, México; 0.5 mL/animal), and injected with vitamins A, D, and E (Vigantol; Bayer, México City, México; 1 mL/ animal). All lambs were maintained in a single pen (4 × 4 m), and fed alfalfa hay during the fi rst 7 d. Lambs were subsequently placed in individual metabolic cages and fed a basal experimental diet as part of an adaptation period to cages and diets. Ingredients and chemical composition of the basal experimental diets are shown in Table 1 .
MATERIALS AND METHODS

All
Feedlot Performance
On the fi rst day of the feedlot performance experiment, lambs were weighed and 12 lambs were selected (initial BW 26.8 ± 1.6 kg) from the original group based on BW and degree of adaptation to the diet. Selected lambs remained in their respective metabolic cage for the remainder of the 30-d experimental period. Lambs were blocked by BW (6 blocks) and assigned randomly within BW group to 1 of 2 treatments (n = 6): i) basal diet without ZH supplementation (Control); and ii) basal diet supplemented with 10 mg of ZH/lamb daily (ZH; Zilmax, Intervet, México City, México). Zilmax (0.208 g) was mixed with 49.792 g of wheat meal, and 50 g/d of the mixture was offered to lambs immediately before offering the complete diet during the morning feeding to ensure consumption of the ZH. At the same time, the control group was fed 50 g of wheat meal that contained no ZH. Water and feed were offered ad libitum twice daily (0700 and 1700 h). Orts were collected, weighed, and recorded daily before the morning feeding. Also, the amount of feed offered was adjusted to minimize refusal (<5.0%). Samples of feed and orts were collected and dried in a forced-air oven at 60°C for 24 h to determine DM content. At the beginning and after the 30-d feeding period, lambs were individually weighed. Initial and fi nal shrunk BW were obtained by multiplying BW by 0.96. From the data collected, DMI, ADG, total BW gain, and G:F were calculated.
Nutrient Digestibility
Total tract apparent digestibility was evaluated simultaneously with growth performance. Lambs were allocated to individual metabolic cages fi tted with a tray for fecal collection. Two 7-d total collection periods were conducted during the 30-d feeding period. The fi rst collection period was conducted between d 9 and 15, and the second between d 24 and 30. For each collection period, orts and total fecal output were collected and weighed daily before the morning feeding from each lamb. Samples (20%) of feed offered and refused, and feces were taken, dried (60°C for 48 h or more until constant weight), packed in plastic bags, and stored. At the end of each collection period, samples were Ash (%) 9.4 9.4 ME, Mcal/kg 2.8 2.8 1 Treatments consist of consuming these supplements: i) 50 g of wheat meal without zilpapterol hydrochloride (ZH; Zilmax, Intervet, México City, México) plus the basal diet (Control); and ii) 50 g of wheat meal with 10 mg of ZH/lamb/d plus the basal diet (ZH).
2 EE = ether extract.
composited within lamb and period. Subsamples (200 g) were stored in plastic containers until analyses. Laboratory Analyses. Diet, orts, and fecal samples were dried using a forced-air oven at 55°C (The Grieve Corp.) for 48 h. Dried samples were ground in a Wiley mill (2-mm screen; Wiley mill model 4, Thomas Scientifi c, Swedesboro, NY). Diet, orts, and fecal samples were analyzed for DM, ash, ether extract (EE), and CP (Method No. 930.15, 942.05, 945.16, and 984.13, respectively; AOAC, 1990) . Concentration of NDF (Van Soest et al., 1991 , as modifi ed by Ankom Technology, Fairport, NY) and ADF (Goering and Van Soest, 1970 , as modifi ed by Ankom Technology) were determined using an Ankom 200 Fiber Analyzer (Ankom Technology). Gross energy was determined with an adiabatic bomb calorimeter (Parr 1281 Automatic Energy Analyzer, Parr Instrument Co., Moline, IL). Organic matter content was estimated as 100 -ash content. Metabolizable energy was calculated by multiplying DE × 0.82.
Statistical Analyses. Data were analyzed as a randomized complete block design with a 2 × 2 factorial arrangement of treatments using the mixed procedure (SAS Inst. Inc., Cary, NC). The model included ZH treatment and feeding duration (15 or 30 d) as fi xed effects, and BW block as a random effect. The default (variance component) covariance structure was used because the repeated statement was not required to be specifi ed (Kincaid, 2005) . Additionally, fi nal BW was included in the model as a covariate. When signifi cant (P < 0.10) F-statistics were noted, means were separated using the PDIFF option of the LSMEANS statement. Effects were considered signifi cant when P ≤ 0.05, and a trend was considered when P = 0.05 to 0.10.
RESULTS
Feedlot Performance
Effects of ZH on feedlot performance of hair-breed wether lambs are shown in Table 2 . Initial BW was similar (P = 0.34) between lambs fed with and without ZH. Final BW (P = 0.02), total BW gain (P = 0.04), and ADG (P = 0.04) were greater for ZH than control lambs. Dry matter intake was less (P < 0.01) in ZH than in control lambs. Also, ZH improved (P < 0.01) G:F.
Nutrient Digestibility
Effects of ZH and feeding duration on nutrient intake, total tract apparent digestibility, and energy intake of hairbreed wether lambs consuming a feedlot diet are shown in Table 3 . Treatment × feeding duration interaction was not detected (P ≥ 0.11) for nutrient intakes. Intakes of DM (P = 0.02), OM (P = 0.02), CP (P = 0.03), and GE (P = 0.02) were less in ZH lambs than control; but intakes of EE, NDF, and ADF were not affected (P ≥ 0.14) by ZH treatment. On the other hand, lambs fed ZH for 30 d had greater NDF (P < 0.01) and GE (P = 0.04) intake, and a tendency (P ≥ 0.07) for greater DM, OM, CP, EE, and ADF intake compared with those fed for 15 d. Also, DM (P = 0.07), OM (P = 0.09), and ADF (P = 0.08) intake tended to be greater for lambs fed for 30 than for 15 d of feeding.
No treatment × feeding duration interaction for nutrient apparent total tract digestibility was observed (P ≥ 0.33; Table 3 ). However, ZH-fed lambs had lower DM (P = 0.01), OM (P = 0.02), CP (P = 0.02), EE (P < 0.01), and ADF (P = 0.03) digestibility than those observed for control lambs. Furthermore, NDF digestibility was not affected (P = 0.17) by ZH treatment. Also, DM, CP, and EE digestibilities were greater (P < 0.01) for 30 d than for 15 d. No feeding duration effects were observed for OM (P = 0.18), NDF (P = 0.30),or ADF (P = 0.90) digestibility. Furthermore, calculated DE, ME, and TDN intakes decreased (P < 0.01) with ZH supplementation. Likewise, greater DE (P = 0.01), ME (P = 0.01), and TDN (P < 0.01) intakes were observed for lambs fed for 30 d compared with those fed for 15 d.
DISCUSSION
Feedlot Performance
Consistent with previous studies involving lambs, ADG and G:F increased with ZH supplementation 2008; López-Carlos et al., 2010) ZH failed to improve growth performance. Improvements in ADG and G:F result from β-AA-stimulated muscle growth due to promoting protein synthesis and inhibiting proteolysis, and promoting lysis of adipose tissue (Mersmann, 1998) . Also, the combination of increased ADG and decreased DMI accounts for the observed improvements in G:F.
Nutrient Digestibility
Supplementation with ZH decreased DMI, which caused a decrease in intake of other nutrients (OM, CP, and GE). Conversely, several studies reported that ZH supplementation did not affect DMI in lambs (EstradaAngulo et al., 2008; Avendaño-Reyes et al., 2011; López-Carlos et al., 2011) . However, in steers, Holland et al. (2010) reported a decrease of 5% and Montgomery et al. (2009) noted a decrease of 3.6% in DMI when feedlot cattle were supplemented with ZH. The basis for the reduction in feed intake is not certain. Lower DMI with ZH feeding may have resulted from greater energy partitioning to carcass and/or muscle than to visceral organs and/or fat which are tissues that demand less energy. In agreement with this hypothesis, Baxa et al. (2010) reported that steers receiving ZH preferentially mobilized tissue from noncarcass (i.e., visceral organs) components and directed these nutrients to the carcass during the ZH feeding period, thereby resulting in decreased energy requirements for growth (Reeds and Mersmann, 1991) . However, results of our experiment suggest that the decrease in DMI was due to decreased in digestibility when ZH is fed. The improved ADG and G:F ratio cannot be explained by decreased intake and decreased digestibility. Therefore, the improved ADG and G:F may be attributed to more favorable energy partitioning to muscle accretion and less toward fat synthesis. Moreover, effects of ZH on EE intake were not detected likely because of the low EE content and the small number of lambs in each group.
Dry matter intake was greater for 30 than for 15 d of feeding, due to greater BW on d 30. Nutritional requirements increase as animals grow; therefore, feed intake also increases to meet these requirements (Solis et al., 1991) . Energy demand is one of the factors that controls feed intake (NRC, 1987) . Similarly, Montgomery et al. (2009) observed greater DMI in steers and heifers fed ZH during 40 d compared with those fed ZH for 20 d. As a consequence of the tendency for greater DMI with 30 d of ZH feeding, intake of GE was greater and intake of OM and NDF tended to be Table 3 . Effects of zilpaterol hydrochloride (ZH; Zilmax, Intervet, México City, México) and feeding duration on nutrient intake, total tract apparent digestibility, and energy intake of hair-breed wether lambs consuming a feedlot diet greater for the 30 d compared with the 15-d feeding period. Also, the tendency for greater DMI observed when feeding ZH for 30 than for 15 d was due to the greater digestibility observed for 30 than for 15 d. Few studies have examined effect of feeding β-AA on nutrient digestibility and ruminal fermentation. Previous studies found that natural catecholamines infl uence the rumen microfl ora and may decrease gut motility (McIntyre and Thompson, 1992) . Thus, the digestion of nutrients can be improved in cattle fed β-AA. Walker and Drouillard (2010) concluded that ractopamine positively affected DM digestion because ractopamine increased gas production and DM disappearance rate. Also, these researchers observed a reduction in ruminal NH 3 production by ractopamine when the substrate used did not have a source of NPN. These fi ndings suggest that β-AA may act negatively on digestibility of nutrients if the diet does not have a N source of readily available N for ruminal microorganisms. Rumen microbes have a minimal requirement of ruminally degraded protein for optimal growth (Satter and Syter, 1974) . Therefore, in the present study, a defi ciency in intake of ruminally degraded N from the ZH diet could be a reason for the decreased digestibility observed for the ZH diet. Another possible cause could be that the gastrointestinal tract had fewer β2-adrenergic receptors compared with those of type β1 (Kim et al., 1991) , and ZH is specifi c to β2-adrenergic receptors. In agreement with our digestibility results, Chikhou et al. (1991) reported that cimaterol, a β2-AA, induced a reduction in DM and crude fi ber digestibility in steers although other studies found that ZH did not affect digestibility of nutrients in fi nishing diets of sheep (López-Carlos et al., 2010) or steers (Strydom et al., 2009; Brake et al., 2011) . Additionally, cimaterol did not affect DM or CP digestibility of sheep (Moloney et al., 1994) .
Feeding lambs ZH for 30 d resulted in greater digestibility of DM, CP, and EE than did 15 d of ZH feeding. This response was due to the lesser DMI per kilogram of BW for lambs fed for 30 d than for those fed for 15 d. Assuming that BW gain was constant during the 30-d period, the BW were 26.8, 31.9, and 36.6 kg averaged across treatment for d 0, 15, and 30, respectively. The DMI was calculated to be 41.8 and 37.8 g per kilogram of BW for d 15 and 30, respectively. Reduced feed intake resulted in a slower passage rate and therefore greater digestibility (Owens and Goetsch, 1986) .
In conclusion, ZH supplementation improved growth rate and G:F of Dorper × Pelibuey wether lambs fed feedlot fi nishing diets. Moreover, ZH supplementation reduced intake and digestibility of some nutrients such as DM, OM, and CP. On the other hand, supplementation of ZH for 30 d increased DM, CP, and EE digestibility and tended to increase the DM, OM, CP and ADF intake, compared with supplementation for 15 d. Therefore, ZH increased energy retained by lambs with decreased intake, thereby improving nutritional value of the diet. These results imply that improvements on growth performance observed with ZH are not due to improvements in digestibility, but rather to repartitioning of dietary energy toward carcass tissue.
